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Abstract 

 

Acoustic emission (AE) practitioners routinely use surface pencil-lead breaks (monopoles) to 

observe expected AE signal characteristics. In contrast, stress-generated AE sources are almost 

universally composed of dipoles. Thus, understanding the primary differences between the sig-

nals generated by these two different source classes is of key importance. This research had the 

goal of analyzing and contrasting the AE signals generated by monopole and dipole sources. A 

finite-element-modeled (FEM) database of AE signals provided an ideal means to study these 

two source types. The AE signals represented the top-surface out-of-plane displacement versus 

time from point sources inside an aluminum plate of 4.7-mm thickness. In addition, monopole 

sources both on the plate top surface and the edge surface were included in the database. The AE 

signals were obtained from both in-plane and out-of-plane monopole and dipole sources. Results 

were analyzed with both a bandpass filter of 100 to 300 kHz and a 40-kHz high-pass filter. The 

wide-plate specimen domain effectively eliminated edge reflections from interfering with the 

direct signal arrivals. To supplement and compare with the FEM results, experiments with pen-

cil-lead breaks were carried out on the top surface and the edge of a large aluminum alloy plate 

of 3.1-mm thickness. 

 

Keywords: Pencil-lead break, AE monopoles, AE dipoles, finite-element modeling, Lamb 

waves. 

 

Introduction 

 

A standard tool used in experimental acoustic emission (AE) studies is a pencil-lead break 

(Hsu-Neilsen source). The resulting signals detected at AE sensors have been characterized as 

similar to the real AE generated during stressing of the sample. Due to the similarity, the pencil-

lead break is often used for various purposes prior to testing a sample. These purposes include: 

(a) wave propagation studies, including AE signal attenuation with propagation distance, (b) AE 

signal characterization, including the frequencies and the intensity of the different modes in the 

signal, (c) selection of sensors and frequency bandpasses, (d) verification of sensor coupling and 

normal operation of sensors and system electronics, (e) determination of typical signal propaga-

tion velocities, including “demonstration” of source location capabilities, and (f) assessment of 

typical signal durations. The purpose of the research presented here was to characterize both the 

similarities and the significant differences between pencil-lead breaks and real AE signals both 

by finite element modeling and experimental pencil-lead breaks. In particular, the characteriza-

tion examined the relative intensity of the Lamb modes excited as well as the frequencies within 

the modes that carry significant energy as a function of the source type and the source orientation 

relative to a plate. 
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Pencil-lead breaks are monopoles and real AE signals are nearly all dipoles. Since the mo-

nopole pencil-lead break is normally applied to the outside of a test sample and the dipole AE 

sources originate from source points buried inside the sample, it is not clear how a purely ex-

perimental study might be carried out on metal samples. For the purposes of this study, the tech-

nique of finite-element modeling (FEM) of the operation of AE sources and the subsequent 

propagation of the waves is a way to overcome some of the difficulties of experiments alone. 

The FEM approach allows placement of monopoles (to simulate pencil-lead breaks) and dipoles 

(to simulate real AE sources) at exactly the same positions inside a test object, and it also pro-

vides a means to place monopoles on the outside surface as well. Thus, all the necessary com-

parisons can be made. To enhance the comparisons, the results presented here include not only 

the out-of-plane displacement signals, but also wavelet transform (WT) results that clearly allow 

Lamb modes to be identified. The WT results also show the frequencies that are excited with in-

tensity in the modes. Finally, the study included some experiments with actual pencil-lead breaks 

monitored with a wideband sensor. These results were then compared to the associated FEM re-

sults. 

 

Finite Element Modeled AE Signal Database 

 

A small part of an existing near-field and far-field AE signal database for a 4.7-mm thick 

aluminum plate was used in the research reported here. This database has been described in pre-

vious publications (Hamstad et al., 2002a; 2002b; Downs et al., 2003; Hamstad et al., 2003). The 

validation of this FEM technique is found in a previous publications (Gary and Hamstad, 1994; 

Hamstad et al., 1996; Hamstad et al., 1999). The entire FEM signals were numerically processed 

with a 40-kHz (four-pole Butterworth) high-pass filter or a similar 100-to-300-kHz filter fol-

lowed by resampling from the original time step of 44.6 ns per point to 0.1 s per point. These 

AE signals were examined out to 150 s after the source initiation time. This procedure avoids 

the plate edge reflections, which appear well after the direct signals in the large plate domain. 

The sources in the continuous mesh domain were either monopoles (single-cell body forces) or 

dipoles (self-equilibrating forces of two oppositely directed monopoles with one cell between 

them) using the “equivalent body force” concept for displacement discontinuities (Burridge and 

Knopoff, 1964). The forces were applied with a “cosine bell” temporal time dependence T(t) 

given by: 

          0 for t < 0, 

    T(t) =  (0.5 – 0.5 cos[ t / ] ) for 0 t  , and                      (1) 

          1 for t  > , 

where = 1.5 s was the source rise time. The three-dimensional cell size was 0.313 mm. The 

AE signals from a single node provided the out-of-plane top-surface displacement corresponding 

to a perfect point-contact sensor located in the zero-degree propagation direction (in-plane, x-

axis direction, aligned with the in-plane source force direction) at a distance of 180 mm from the 

source epicenter. To directly compare the results from the two source types, they were located 

inside the plate at either of two different depths (0.783 or 2.037 mm) below the top surface of the 

plate. Two depths were chosen due to previous results (Hamstad et al., 2002b) demonstrating 

that in a thin plate as the source depth of a dipole moves from near the surface to near the mid-

plane, the dominate AE signal mode changes from the fundamental anti-symmetrical mode, A0, 

to the fundamental symmetric mode, S0. Since pencil-lead breaks are normally done on an exter-

nal surface, monopole sources (applied over an exterior cell face) activated on the plate top sur-

face and the plate edge were also used. These results were used to characterize any differences 

between AE signals from buried monopoles compared to surface monopoles.  
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Wavelet Transform Information 

 

Wavelet transform (WT) results were used to enhance the identification of the AE signal 

Lamb modes and to indicate highly excited frequency regions within the modes. The WT results 

were obtained using the AGU-Vallen Wavelet freeware (Vallen, 2005) with the key parameter 

settings being: maximum frequency = 700 kHz or 1000 kHz (for the experiments to account for 

the smaller plate thickness); frequency resolution = 3 kHz and wavelet size = 600 samples. The 

Wavelet Time Range Setting for the number of samples (i.e., points) was 1500 to 2048 allowing 

the full-direct-arrival signal to be transformed. In the color WT figures, the red color indicates 

the highest intensity region of the WT coefficients. In a black-and-white print out of the color 

results, the darkest region inside a lighter region indicates the high intensity region.  

 

Contrasts of a Near-Surface Out-of-Plane Monopole with Dipoles 

 

In order to most directly illustrate the similarities and contrasts between monopoles and di-

poles, the point sources were typically centered at the same location in the plate when such a lo-

cation was relevant. Since pencil-lead breaks normally are applied to the plate surface and/or the 

plate surface edges, two sections later in this paper demonstrate that the differences between mo-

nopoles buried inside the plate and those applied to the surface and/or edge can be ignored for 

the purposes of the results presented here. Hence, the terms pencil-lead breaks and monopoles 

are used interchangeably in this work. To distinguish the FEM based pencil-lead breaks from the 

experimental ones (near the end of this paper), references to the FEM-based pencil-lead breaks 

will have quotes (“PLB”) while the experimental pencil-lead breaks will not (PLB). 

 

Figures 1 and 2 show the out-of-plane displacement signals (or AE signals) for (a) an out-of-

plane monopole, (b) an in-plane dipole and (c) an out-of-plane dipole, all located 0.783 mm be-

low the plate top surface (Note part (d) will be discussed later). Figure 1 provides the signals for 

a 100-to-300-kHz bandpass, and Fig. 2 has the same results for a 40-kHz high-pass filter. In each 

of these figures, the first region of the signal is the initial portion of the symmetrical extensional 

mode followed by a higher amplitude anti-symmetrical flexural mode. It is clear from all the sig-

nals shown that the signal durations do not change significantly with source type. In contrast, 

both of these figures demonstrate that the AE signal generated by an out-of-plane monopole is 

strongly dominated by the flexural, A0, mode as compared to the symmetric, S0, mode, while, the 

signals from dipole sources are not nearly as strongly dominated by the flexural mode. To clarify 

these modal comments, Figs. 3 (100 to 300 kHz) and 4 (40-kHz high-pass) show the WT results 

for each displacement signal with the superimposed “modified” group velocity curves of the two 

fundamental modes. The “modification” was the conversion of the group velocities to time by 

use of the 180-mm propagation distance. The reader should note in Figs. 3 and 4 that a higher 

frequency portion of the S0 mode overlaps in time the A0 mode. 

 

The dominance of the flexural mode in the signals from the monopole source versus that 

from the dipole sources can be approximately quantified by calculating the ratio formed from the 

maximum amplitude of the flexural region of the signal divided by the maximum amplitude of 

the part of extensional signal present before the first arrival of the flexural mode. For the 100-to-

300-kHz signals, the ratios respectively for the out-of-plane monopole, in-plane dipole and out-

of-plane dipole are about 31, 12 and 10 dB. For the 40-kHz high-pass signals the same ratios are 

about 37, 14 and 12 dB. It should be noted for the 40-kHz high-pass dipole signals that the peak 

amplitude in the flexural part of the signal is really a superposition of the A0 mode and a smaller 

higher frequency part (mostly centered about 522 kHz) of the S0 mode as is clearly shown in 
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Fig. 1 Displacement vs. time, sources at 0.783 

mm below the top surface and 100 to 300 kHz; 

(a) out-of-plane monopole, (b) in-plane dipole, 

(c) out-of-plane dipole and (d) in-plane mo-

nopole. 

Fig. 2 Displacement vs. time, sources at 0.783 

mm below the top surface and 40-kHz high-

pass; (a) out-of-plane monopole, (b) in-plane 

dipole, (c) out-of-plane dipole and (d) in-plane 

monopole. 

 

parts (b) and particularly (c) of Fig. 2 and in the corresponding WT results shown in Fig. 4. The 

ratios show for either frequency range the dominance of the flexural mode in the out-of-plane 

monopole generated signal is about an order of magnitude stronger than for the dipole-based sig-

nals. 

 

Contrasts and similarities between signals from a near-surface (0.783 mm) out-of-plane mo-

nopole and those from buried dipoles close to the midplane at a depth of 2.037 mm below the 

plate top surface are shown respectively in Figs. 5 (100 to 300 kHz) and 6 (40-kHz high-pass) in 

parts (a), (b) and (c) (Note part (d) will be discussed later). As was done above, the analysis that 

follows compares signals from the dipoles with those from an out-of-plane monopole (part (a)) 

located near the plate surface (referred to as an out-of-plane surface “PLB”, to keep this fact in 

the readers mind), since most experimental works apply out-of-plane PLBs on the plate surface. 

As before, the signal durations are very similar for the dipoles and the out-of-plane “PLB”. The 

100-to-300-kHz bandpass results (Fig. 5 (a) to (c)) show an even larger difference between the 

“PLB” signal and the dipole signals than was present when the dipoles were near the plate top 

surface. With dipoles near the plate midplane, the same peak amplitude ratios for the in-plane 

dipole and the out-of-plane dipole are respectively about -3 and -4 dB. We note again that for the 

dipoles, the extensional mode contributes to flexural region amplitude, and thus the ratios are not 

a perfect measure. Never-the-less these ratio values are in sharp contrast to the previously calcu-

lated ratio for the near-surface out-of-plane “PLB” source of 31 dB. This extremely strong mo-

dal-dominance difference is also seen in the corresponding WT results when part (a) of Fig. 7 is 

compared with parts (b) and (c). In these figures, it is clear that both fundamental Lamb modes 

are present in the dipole-generated signal results, while only the flexural mode has significant 

intensity in the “PLB” case. To summarize, these results show that the 100-to-300-kHz AE sig-

nals from the near-midplane dipoles are dominated by the extensional mode, in particular the 



 96  

 
Fig. 3 Wavelet transforms corresponding to 

Fig. 1, vertical scale 0 to 0.7 MHz, horizontal 

scale 0 to 150 s, sources at 0.783 mm below 

the top surface and 100 to 300 kHz; (a) out-of-

plane monopole, (b) in-plane dipole, (c) out-

of-plane dipole and (d) in-plane monopole. 

Fig. 4 Wavelet transforms corresponding to 

Fig. 2, vertical scale 0 to 0.7 MHz, horizontal 

scale 0 to 150 s, sources at 0.783 mm below 

the top surface and 40-kHz high-pass; (a) out-

of-plane monopole, (b) in-plane dipole, (c) 

out-of-plane dipole and (d) in-plane monopole. 

 

initial arrival of the extensional mode signal. Thus these AE type signals are very different in 

their dominant modes (and associated frequencies) and their relative modal intensities from the 

out-of-plane near top surface “PLB” signal. Even though it is not experimentally possible to 

carry out an out-of-plane buried PLB near the midplane of an aluminum plate, a FEM run was 

made for this monopole source at the 2.037 mm depth. Figure 8 shows that the signal from an 

out-of-plane “PLB” at a depth of 2.037 mm was nearly identical with the near surface out-of-

plane “PLB” at the 0.783 mm depth. 

 

The 40-kHz high-pass AE signals (Fig. 6) from the dipoles located near the midplane have 

peak amplitude ratios respectively for the in-plane and out-of-plane cases of about 9 and 13 dB. 



 97  

 
Fig. 5 Displacement vs. time, sources at 2.037 

mm below the top surface and 100 to 300 kHz; 

(a) out-of-plane monopole (0.783 mm), (b) in-

plane dipole, (c) out-of-plane dipole and (d) 

in-plane monopole. 

Fig. 6 Displacement vs. time, sources at 2.037 

mm below the top surface and 40-kHz high-

pass; (a) out-of-plane monopole (0.783 mm), 

(b) in-plane dipole, (c) out-of-plane dipole and 

(d) in-plane monopole. 

 

Thus it appears that the flexural mode dominates, but the dominance is not as strong as the flex-

ural mode dominance of 37-dB ratio for the monopole source near the plate top surface. Again 

even though the AE signal peaks for these two dipoles are in the region often associated with the 

flexural mode, the peak signal amplitudes are dominated by a slower group velocity and higher 

frequency part of the extensional mode. This extensional mode higher frequency dominance, 

centered about 522 kHz, is clearly seen in the displacement signals of Fig. 6(b) and (c) and in the 

corresponding parts of the WT results in Fig. 9 (in particular, 9(c)). So as was the case before, 

the ratios are not a perfect measure. But, in summary, the analysis again shows that only the sig-

nal durations are similar. In contrast, the dipoles are very different in both the relative intensities 

of the modes and the relative strength of the dominant frequencies in the signals as compared to 

the out-of-plane top surface “PLB” results. 

 

Contrasts of an In-Plane Monopole and Buried Dipoles 

 

Since in-plane PLBs can be made on the edge surface of a plate, this section examines com-

parisons between signals from in-plane monopoles and dipoles each at the two source depths 

(Note PLBs can be done at multiple depths below the plate top surface on an edge). In part (d) of 

Figs. 1-7 and 9, the AE signals or WTs of the signals from an in-plane monopole were included. 

As is clear from the AE signal from the in-plane monopole in Fig. 1(d) (100-to-300-kHz band-

pass), its AE signal is much more similar with respect to relative modal intensities to the two di-

pole-based signals at the same 0.783 mm depth than the out-of-plane monopole generated signal 

in part (a) of Fig.1. The ratios of the peak amplitude of the flexural region to that of the exten-

sional region are 6.5, 12 and 10 dB respectively for the in-plane monopole, in-plane dipole and 

out-of-plane dipole. These dipole ratios are much closer to the in-plane monopole than was the 

case for the out-of-plane “PLB”. The WT results (100 to 300 kHz) for these three cases, in Fig. 3 
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Fig. 7 Wavelet transforms corresponding to Fig. 5, vertical scale 0 to 0.7 MHz, horizontal scale 0 

to 150 s, sources at 2.037 mm below the top surface and 100 to 300 kHz; (a) out-of-plane mo-

nopole (0.783 mm), (b) in-plane dipole, (c) out-of-plane dipole and (d) in-plane monopole. 

 

(b) through (d), also show more similarity in the relative intensity of the two fundamental modes 

(and frequency regions excited) between the dipole sources and the in-plane monopole sources. 

This increased similarity can be seen in that the initial part of the extensional mode is apparent in 

the WT (blue or darker region) for all three cases, whereas for the out-of-plane monopole (Fig. 3 

(a)), the initial part of the S0 mode in the WT is not apparent compared to the highly dominate A0 

mode. 

 

For the 40-kHz high-pass signals from the sources at the 0.783 mm depth, analysis of Figs. 2 

(b) through (d) shows that the signal from the in-plane monopole at this depth does have a more 
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Fig. 8 Displacement versus time for 40-kHz high pass signal after propagation of 180 mm, out-

of-plane monopoles at (a) 0.783 mm and (b) 2.037 mm below the top surface. 

 

favorable ratio between the intensities of the two modal regions than the signal from the out-of-

plane monopole (a). For these wideband signals the corresponding peak amplitude ratios are 10, 

14 and 12 dB respectively for the in-plane monopole, in-plane dipole and the out-of-plane dipole. 

Now the monopole signal modal intensity ratio is very close to the dipole signal ratios. But as is 

clear from the corresponding WT results in Fig. 4, the in-plane monopole signal (d) does not 

fully represent the higher frequency and later arrival parts of the S0 mode of the dipoles (see (b) 

and (c)). Also, it should be noted in Fig. 2 that the higher frequency and slower part of the exten-

sional mode for the two dipole sources is clearly more intense than the in-plane monopole (see 

superimposed higher frequency near the end of the flexural mode in the dipole AE signals (b) 

and (c)). This fact is particularly true for the out-of-plane dipole source, where the flexural re-

gion signal has significant energy in both the flexural mode and the extensional mode. 

 

When both the in-plane monopole and the dipoles are centered near the plate midplane at 

2.037 mm below the plate top surface, Figs. 5 (AE displacement signals) and 7 (corresponding 

WTs) show for the 100-to-300-kHz bandpass that the in-plane “PLB” is again considerably more 

similar in relative modal intensity to the dipoles at the same depth than the near-surface out-of-

plane “PLB”. For this frequency range, the corresponding peak amplitude ratios are about -8, -3 

and -4 dB, respectively, for the in-plane monopole, in-plane dipole and the out-of-plane dipole. 

The only missing region in the in-plane monopole signal is that for the high-frequency part of the 

extensional mode. This later observation can be clearly seen in the WT shown in Fig. 7 part (c) 

versus part (d) for the out-of-plane dipole and in-plane monopole, respectively. Note that this 

high-frequency region is apparent for the out-of-plane dipole in spite of the filter. 

 

At the 2.037-mm depth, the 40-kHz high-pass results are shown in parts (b) through (d) of 

Figs. 6 (AE) and 9 (corresponding WTs). The ratios, which correspond to those pointed out 

above for the 100-to-300-kHz bandpass, are -0.5, 9 and 13 dB. Thus, with this frequency range, 

the ratio of the two modal amplitudes for the in-plane monopole is not as close to that of the di-

poles as it was for the bandpass data, but it is much closer than the ratio for the out-of-plane mo-

nopole (near the top surface). It is also again clear (at this source depth) in the flexural region of 

the dipole-based signals that the high-frequency part of the extensional mode dominates, while 

for the in-plane “PLB” signal this higher-frequency region is present but not dominant. Instead, 

the initial arrival of the “PLB” S0 mode weakly dominates compared to that portion for the di-

poles, and the latter part of the monopole-generated signal is more dominant compared to the di-

pole-generated signals. In summary, Fig. 9 (d) for the in-plane monopole source shows all the 
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Fig. 9 Wavelet transforms corresponding to Fig. 6. Vertical scale 0 to 0.7 MHz, horizontal scale 

0 to 150 s, sources at 2.037 mm below the top surface and 40-kHz high-pass. (a) out-of-plane 

monopole (0.783 mm), (b) in-plane dipole, (c) out-of-plane dipole and (d) in-plane monopole. 

 

modal regions that appear in the dipole source cases. The intensity of the in-plane monopole sig-

nal varies in some regions of the modes relative to that of the dipole signals. But, the in-plane 

“PLB” corresponds much more closely to the dipole generated signals than those from the out-

of-plane “PLB”. 

 

Differences between Surface and Below-Surface Out-of-Plane Monopoles 

 

To establish the relevance of the previous sections to PLBs, we next show that there are 

minimal differences between the signals from an out-of-plane monopole source on the plate top 

surface and the same source located a small distance below the top surface of the plate. Figure 10 

shows the comparison of the out-of-plane displacement signals at a propagation distance of 180 

mm for the out-of-plane top surface monopole (a) versus one located at 0.783 mm below the 
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Fig. 10 Displacement vs. time. Source out-of-

plane monopole, 40-kHz high-pass; (a) source 

located on top surface of plate, (b) located at a 

depth of 0.783 mm below the top surface. 

Fig. 11 Spectral magnitude of corresponding 

signals in Fig. 10; (a) source located on top 

surface of plate, (b) located at a depth of 0.783 

mm below the top surface. 

 

surface (b). These results for 40-kHz high-pass filter data are nearly identical for each source po-

sition. The spectra for these signals were also calculated and are nearly identical as illustrated in 

Fig. 11. Thus, the earlier assertion that using the buried out-of-plane monopole at 0.783 mm to 

be representative of a PLB on the top surface was valid. 

 

Differences between Edge Surface and Buried In-Plane Monopoles 

 

For the in-plane monopole, Fig. 12 shows that the surface edge source location gives essen-

tially the same modal distribution of signal energy as the same source buried and located trans-

versely near the middle of the large plate. In this comparison, we have chosen to show the simi-

larity by use of the WT of the 40-kHz high-pass displacement signals for the edge surface versus 

the buried source. Figure 12 shows the results for a source depth of 0.783 mm below the top sur-

face, and Fig. 13 shows the same type of presentation of the results for the two in-plane mo-

nopoles at a depth of 2.037 mm. In these figures the maximum color scale of the WT result was 

set at 70 % instead of the WT program default of 100 % to better illustrate the distribution of 

signal energy.  It is clear in Figs. 12 and 13 that at the 180-mm propagation distance, the same 

regions of the same modes are present with slightly different intensity for both source positions. 

Thus again it was valid to use buried in-plane monopoles to represent edge surface PLBs. But for 

the in-plane monopole case, the reader should note that there are significant changes in the mo-

dal distribution of energy as the depth along the edge of the in-plane monopole or PLB changes 

(compare Fig. 12(a) with Fig. 13(a). 
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Fig. 12 Wavelet transform, source at depth of 

0.783 mm below top surface.  

Fig. 13 Wavelet transform, source at depth of 

2.037 mm below top surface. 

For both figures above, source in-plane monopole, 40-kHz high-pass, vertical scale 0 to 0.7 MHz 

with horizontal scale 0 to 150 s; (a) source located on edge surface of plate, and (b) located near 

center of the plate (buried). 

 

Experiments with Pencil-Lead Breaks 

 

 A large aluminum-alloy plate was used for pencil-lead breaks (PLBs) to obtain experimental 

results that relate to the preceding FEM results. The dimensions of the plate were 1520 mm by 

1220 mm by 3.1 mm. The large transverse plate dimensions precluded reflections from the plate 

edges arriving at the AE sensor during the duration of the direct-path signal for the 254-mm 

propagation distance used in the experiments. The sensor used in these experiments had a conical 

sensitive element with a 1.5-mm aperture. This sensor is nearly flat with frequency (sensitive to 

out-of-plane displacements of the surface it is mounted on) from about 40 kHz to 1 MHz. It was 

developed at NIST Boulder, CO, USA (Hamstad and Fortunko, 1995; Hamstad, 1997). It has a 

low-noise, internal field-effect transistor, and it has a signal-to-noise ratio that is considerably 

better than typical commercial wideband sensors calibrated by the NIST Gaithersburg developed 

technique (Hamstad, 1997). The sensor was coupled to the top surface of the plate with vacuum 

grease, and it was spring loaded with a force of about 5 N against the plate. In these experiments 

a 50-kHz high-pass passive filter was used prior to recording the signals with a 12-bit digital 

scope at a sampling rate of 0.1 s per point. Pencil-lead breaks were done near the center of the 

plate’s top surface and midway along one of the long edges of the plate. The in-plane edge PLBs 

were done near the plate mid-plane and near the top of the edge. The 2H lead had a diameter of 

0.3 mm, and it was broken with a length of about 2 mm. 

 

 Figure 14 shows typical results for the signals from the PLBs at the three different positions: 

(a) top surface out-of-plane, (b) edge surface, in-plane near the top of the edge and (c) edge 
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Fig. 14 Signal amplitude versus time for 0.3-mm pencil-lead breaks with 50-kHz high-pass filter 

after 254-mm propagation distance from the source position; (a) out-of-plane PLB, (b) near top 

of edge in-plane PLB and (c) edge in-plane near mid-plane PLB. 

 

surface, in-plane near the mid-plane. In the same sequence of PLB locations, Fig. 15 shows WT 

results of these signals for the three different lead break positions. Qualitative comparisons of the 

experimental Figs. 13(a) and 14(a) with the FEM results (40-kHz high-pass) in Figs. 2(a) and 

4(a) demonstrate that there is a strong dominance of the flexural mode for both top surface out-

of-plane PLBs and near top surface out-of-plane monopoles. 

 

 When the PLB source was near the top surface on the plate edge, a qualitative comparison of 

the PLB results in Figs. 14(b) and 15(b) with the FEM (40-kHz high-pass) in-plane monopole 

(near the top surface) results in Figs. 2(d) and 4(d) again show that the edge in-plane PLB and 

the in-plane monopole signals are similar. Namely, with this position and orientation of the mo-

nopole sources, the amplitude of the extensional mode is now considerably closer to the ampli-

tude of the flexural mode than was the case with the out-of-plane sources. 

 

 When the PLB source was near the mid-plane on the plate edge, a qualitative comparison of 

the PLB results in Figs. 14(c) and 15(c) with the FEM (40-kHz high-pass) in-plane monopole 

results in Figs. 6(d) and 9(d) again show for the two different sources similar signals result. 

Namely, with this position and orientation of the monopole sources, the amplitude of the exten-

sional mode is now even closer to the amplitude of the flexural mode than was the case with the 

out-of-plane monopole sources and the in-plane monopole sources near the top edge. Thus, in 

both edge source positions (in-plane orientations), even with the differences in the plate thick-

nesses of the FEM data and the PLB data, the modal emphasis of the signals with an in-plane 

PLB source or monopole are qualitatively much more similar to dipole-type AE sources. Hence, 

with in-plane PLB or monopole sources, there are not the extreme differences in the relative am-

plitudes of the two fundamental modes as are present in the out-of-plane PLBs and out-of-plane 

monopoles. 
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Fig. 15 Wavelet transforms with superimposed group velocities corresponding to Fig. 14; (a) 

out-of-plane PLB, (b) near top of edge in-plane PLB and (c) edge in-plane near mid-plane PLB. 

 

 To make the comparisons of the FEM (monopole and dipole) and PLB results more quantita-

tive but not perfect due to changes in plate thickness, overlapping of modes (as pointed out ear-

lier), the experimental sensor not being perfect, propagation distance differences and a small dif-

ference in the high-pass frequency of the experimental work, Table 1 was created using the 40-

kHz high-pass data (modeled data) and 50-kHz high-pass (experimental data). This table shows 

the ratios (as was done earlier in the paper) of the flexural mode region peak amplitude divided 

by the peak amplitude of the extensional mode region. Clearly, in this more quantitative com-

parison, the trend is the same as was described above in the qualitative comparison. 
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 To better relate these PLB and FEM monopole results to real dipole AE sources additional 

rows (shown in bold type) in Table 1 show the same ratios for FEM dipoles (40-kHz high-pass 

data) at the same positions as the monopoles. These results clearly show that the distribution of 

peak amplitudes of the two fundamental modes for in-plane and out-of-plane dipoles is much 

better simulated by in-plane edge PLBs at the two depths.  

 

Table 1 Ratios of peak amplitudes of flexural mode region to extensional mode region. 

Monopole source type 

Ratio of flexural to extensional mode 

amplitude, dB 

Out-of-plane top surface PLB 28 

Out-of-plane near top surface monopole (FEM) 37 

Out-of-plane dipole near top surface (FEM) 12 

In-plane edge PLB near top of edge 13 

In-plane monopole near top surface (FEM) 10 

In-plane dipole near top surface (FEM) 14 

In-plane edge PLB near mid-plane of edge 1.6 

In-plane monopole near mid-plane (FEM) -0.5 

In-plane dipole near mid-plane (FEM) 9 

 

Implications on the Use of Experimental PLBs to Simulate Real AE Sources 

 

Based on the study done in this paper (AE signals, WTs and ratios of modal regions), the use 

of in-plane edge PLBs seems to be a much better choice to simulate the modal intensities of real 

AE signals that might be expected in thin plate or shell-type structures. This choice of PLB loca-

tions and orientations results in the simulated AE exciting both modes (and the associated fre-

quencies) rather than just the flexural mode. The PLB testing need not be done on the real struc-

ture. Instead, it could be done on a plate or shell of the same thickness and material as the real 

structure. Also, the edge PLBs should include breaks with the lead position both nearer the top or 

bottom plate surface and near the mid-plane of the plate. From practical experience, this author 

has found that some visual magnification of the pencil-lead contact region helps to locate the 

lead at the desired depth. 

 

Conclusions 

 

• Surface “PLBs” sources on either the top surface or edge surface of a 4.7-mm thick plate 

are respectively well represented by interior buried out-of-plane monopole or in-plane mo-

nopole sources. 

• In-plane PLB sources on a plate edge provide displacement signals with relative modal (A0 

and S0) intensity distributions much closer to those from buried dipoles at the same depths 

than do surface out-of-plane PLBs. 

• In-plane edge PLBs should be done both near the top or bottom edge surface and near the 

mid-plane to excite all the modal intensities (with most of their associated frequencies) of 

real dipole sources over this range of depths. 

• Out-of-plane PLBs on a plate surface and modeled out-of-plane monopoles do not provide 

displacement signals with relative modal (A0 and S0) intensity distributions at all similar to 

those from buried dipoles. 
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